INTRODUCTION
because interactions among the diet nutrients can increase microbial efficiency and improve digestibility, shortening rumen retention time.
The present work was performed with the objective of assessing the effect on ingestive behavior and nitrogen balance of different levels of soybean hulls as a substitute for corn in the diets of Santa Ines lambs.
MATERIAL AND METHODS
The experiment was conducted at the Animal Experimentation, Forage Crops and Pastures Laboratories of Universidade Estadual do Sudoeste da Bahia, Itapetinga-BA campus, during the period June to October in 2009.
Experimental design, animals, housing, and diets
A total of 25 non-castrated male Santa Ines lambs were used; the animals were, on average, six months old and had an initial body weight of 202.0 kg. The lambs were sheltered in individual bails (1.10 m 2 ) provided with cement floors, feeders and waterers.
In the pre-experimental period, the bails were numbered, and the animals were earmarked and dewormed for ectoand endoparasites. The animals were randomly distributed in treatments consisting of diets with different levels of soybean hulls as a substitute for corn in the concentrate (0, 250, 500, 750, and 1,000 g/kg of dry matter), in accordance with an entirely causal experiment delineation.
The experiment lasted for 106 d, with 14 d spent for adaptation to the premises, experimental diets and management and 92 d of assessment and data collection. During this period, intake adjustments were made by weighing the feed supplied and the surplus, allowing ingestion at will, with a surplus of 100 g/kg of natural matter. The diets were formulated in accordance with the nutritional recommendations of NRC (2006), aiming at an average daily gain of 200 g, and were isoproteic, with 160 to 187.0 g/kg of crude protein on a dry matter basis (Table  2) .
Elephant grass silage was used as the forage in a Table 1 , and the percent and chemical composition of the ingredients of the experimental diets are given in Table 2 . The diets were offered twice a day at 6 am and 3 pm in the form of complete feed (silage+concentrate). Water was available to the animals ad libitum and supplied in plastic buckets.
During the experimental phase, the concentrate was sampled weekly; the surplus and silage samples were collected daily, forming composite samples every 21 d per period, per animal and per treatment and placed in plastic bags and stored in a freezer (-10C to -5C) .
At the end of the experiment, the samples were defrosted at room temperature for 4 h and pre-dried in a forced-air circulation oven at 55C for 72 h. The samples were then processed using a Willey cutting mill with a 1 mm sieve. The levels of dry matter (DM), crude protein (CP), ether extract (EE) and mineral matter (MM) were estimated according to the recommendations of the Association of Official Agricultural Chemists (AOAC, 1990), as described by Silva and Queiroz (2002) . The neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose (HEM) and lignin (H 2 SO 4 72%) contents were measured according to the methodology described by Van Soest et al. (1991) . The organic matter (OM) was obtained using the following formula: OM (g/kg DM) = 100MM (g/kg DM).
Sampling and measurements
Behavioral observations were conducted on the 53rd and 92nd days of the second and fourth experimental periods, respectively, by means of visual observations at five-minute intervals, using the methodology proposed by Carvalho et al. (2007) , for a period of 24 h. The time spent feeding, ruminating, and resting was recorded on previously prepared forms. On the days that followed, observations of each animal were performed at three time points during the day: morning, afternoon, and evening; the number of mastications per ruminal bolus and the time spent ruminating each bolus were recorded.
The data collection to ascertain the time spent on each activity was performed with the use of digital chronometers handled by four observers who were situated so as not to disturb the animals. Illumination was used in the evening. This procedure was initiated two days before beginning the ingestive behavior assessment so that the animals could adapt to this condition (Burger et al., 2000) .
The voluntary intake of DM and NDF on the 53rd and 92nd days was considered for assessment of the feeding and rumination efficiency in min/g DM and NDF, g DM and NDF/h, g of DM and NDF/bolus and g DM and NDF/h, and average intake of DM and NDF per feeding period.
The number of boli ruminated daily was obtained by dividing the total ruminating time (min) by the average time spent ruminating one bolus. The concentrations of DM and NDF in each ruminated bolus (g) were obtained by dividing the quantity of DM and NDF consumed (g/d) in 24 h by the number of boli ruminated daily. The feeding and rumination efficiencies, expressed in g DM/h and g NDF/h, were obtained by dividing the average daily intake of DM and NDF by the total time spent feeding and/or ruminating in 24 h, respectively.
Urine was collected using the "spot" method. During the collection period, "spot" (single collection) samples of urine from each animal were obtained during spontaneous urination on the 39th d of the second experimental period at approximately four hours after the morning food offering.
Immediately after collection, urine samples were filtered through gauze, and a 10 mL aliquot of urine was diluted in 40 mL sulfuric acid to 0.036 N. The pH was subsequently measured and, when necessary, adjusted to values under three with small drops of concentrated sulfuric acid to avoid bacterial destruction of the purine derivatives or precipitation of sulfuric acid. The samples were stored at -20C for later analysis.
The estimated daily volume of urine was calculated by multiplying the average creatinine excreted by the average body weight of each lamb and dividing it by the concentration of creatinine (mg/L) in the spot sample. With the volume of urine and the level of N in urine, the N excreted was calculated in g/d. The total level of nitrogen in urine was measured with the Kjeldahl method, following the procedures described by Silva and Queiroz (2002) ; the nitrogen balance was calculated using the formula: BN or N retained = N intake (N feces +N urine ).
Statistical analyses
Statistical analyses of the data were carried out with a program called SAEG (Statistic and Genetic Assessment System) (Ribeiro Junior, 2001), with a 5% significance level.
RESULTS AND DISCUSSION
The level of inclusion of soybean hulls as a substitute for corn did not provoke any changes (p>0.05) in the ingestive behavior of the animals (Table 2) .
Because there was no variation in intake of DM or NDF, no differences were observed for the variable intake related to ingestive behavior. Certainly the NDF content increased in the diets was not sufficient to limit intake. The intake of DM data relate to the days when the ingestive behavior was assessed (Table 3) .
A number of factors may compromise the ingestion of food, causing a direct effect on ingestive behavior, such as the level of NDF and the physical form of the diet; according to Van Soest (1994) , these are the main factors that may affect rumination time.
In the present work, the experimental diets had the same particle size because only one type of forage was used in a constant forage:concentrate proportion, which may explain the absence of any significant effects on rumination activity. The only difference was with regard to the level of soybean hull substitution.
Changes would have been expected in the animals' ingestive behavior with the substitution of an ingredient containing a low level of NDF (corn) with a non-forage fiber source (soybean hulls) (Mertens, 1997) .
However, according to Armentano and Pereira (1997) and Van Soest (1994) , the total mastication time is more strongly influenced by the forage content and size of particles in the feed. By relating this information to the results obtained in the present work, we estimate that the lack of effect on mastication resulted from the similar particle size in the experimental diets because the same proportion of concentrate was offered in all the diets.
The feeding, rumination, mastication, and resting time values (min/d) did not reflect any significant effect of the diets with regard to feeding, ruminating, masticating, and resting activities (Table 3) .
The lack of a significant effect (p>0.05) for mastication activities in No/bolus, sec/bolus, No/d and min/d may be related to the similarity of the particle sizes because the process adopted was the same for all the diets.
The feeding efficiency expressed in g DM/h increased linearly (p<0.05) with the substitution of soybean hulls in the diet.
However, the same was not observed for the intake of DM, which did not display any significant effect (p>0.05) with the increasing level of soybean hulls as a substitute for corn. This feeding efficiency variable generally suffers due to the influence of DM intake. In any case, the higher level of NDF in the soybean hulls in relation to corn may have lowered the energy density of the soybean hull diets, which appears to have contributed to increase both the feeding efficiency (g/DM/h) and rumination efficiency (g DM/bolus).
For the variable feeding efficiency expressed in g NDF/h, no influence of the diets was observed (p>0.05) with the elevation of the soybean hull level. This absence of an effect may be explained by the similar intake of NDF observed (Table 4 ). This result allows us to state that this research the particle size was more important than the NDF content of the diet.
The rumination efficiency expressed in bolus (n/d), g NDF/bolus, g DM/h, and g NDF/h was not affected by replacing corn with soybean hulls (Table 4) . Therefore, the contribution of the DM and NDF fractions in the ruminated boli may have originated from the forage, which was the same in all the diets and soybean hulls. The rumination efficiency expressed in g DM/bolus increased linearly (p<0.05) based on the increase in the quantity of soybean hulls in the diet. The similarity of time spent ruminating may be explained by the similarity in the fiber's physical form because rumination time is influenced by the nature of the diet and is proportional to the level of cell wall in the feed (Van Soest, 1994) .
The nitrogen ingested (N-ING) expressed in g/d displayed a quadratic effect (p<0.05) with the soybean hull substitution (Table 5) . Minimum ingestion was obtained in the feeds containing 36.97% soybean hulls as substitute for corn, resulting in 19.67 g of nitrogen.
Increased N ingestion is associated with a higher production of urea in the liver and higher excretion of urea in urine; in contrast, to maintain the plasmatic urea pool, which is under homeostatic physiological control, low N ingestion leads to reduced excretion of urea in the urine (Van Soest, 1994) . No differences resulting from the level of soybean hulls as a substitute for corn were observed for the excretion of nitrogen through feces (p>0.05), with an average of 6.2 g/d. The literature indicates that the main factor affecting the loss of N via feces is the forage:concentrate ratio because a higher level of concentrate in the diet results in a higher rate of passage and, consequently, increased N loss through microbial activity. Accordingly, the absence of any significant effect for N-feces may be explained by the F:C ratio being the same (60:40) in the treatments. This absence of effect is also due to the fact of the experimental diets were isonitrogenous.
A result similar to that observed in the present study was reported by Gentil (2010), who used young Santa Ines lambs to assess the N balance with the partial substitution of corn for soybean hulls at (0, 20, 40, and 60%) . This author did not observe any effects on fecal nitrogen with soybean hull substitution; however, the average value (9.49 g/d) was higher than that in the present study.
The N digested (expressed in g/d) displayed a quadratic effect with the soybean hull substitution in the feed: a The excretion of nitrogen in urine (expressed in g/d) displayed a quadratic behavior (p<0.05) with the soybean hull substitution, with a minimum value of 0.25 g for the 34.99% level. We noted that the highest loss was found with the 100% soybean hull treatment.
The nutritional demands of ruminants highlight the synchronization between protein and dietary carbohydrates in the rumen to maximize microbial synthesis, thereby reducing nitrogen loss (Owens and Zinn, 1988) .
The N retained (expressed in g/d) was not influenced (p>0.05) by the dietary substitution of corn with soybean hulls. According to Owens and Zinn (1988) , the retention of N is a good estimate of the quantity of N available for deposition in body tissues, thereby demonstrating that the diets presented adequate nitrogen levels.
The N retained, as expressed as a percentage of N ingested (% of ING), and the N retained, as expressed as a percentage of N digested (% of DG), displayed a quadratic response with the elevation of the level of soybean hulls in the experimental diet; a minimum value for the 68.99% and 94.30% levels of soybean hulls was observed.
The nitrogen balance was not influenced (p>0.05) by the level of corn substitution with soybean hulls, presenting an average value of 15.6 g/d. Thus, the positive nitrogen balance noted in all the treatments indicates that there was no loss of protein or nitrogenous compounds during the experimental period, thereby confirming that the protein fraction in the diets was efficiently absorbed by the animals.
This positive balance indicates that there was a retention of protein in the animals' organisms, thus avoiding weight loss and indicating that the animals' protein and energy demands were most likely satisfied.
CONCLUSIONS
The substitution of corn with soybean hulls in concentrate up to 1,000 g/kg of the diet of lambs does not affect the time spent feeding, ruminating, masticating, or resting. However, increased feeding and ruminating efficiencies and a positive nitrogen balance were observed. Therefore, soybean hulls can substitute for corn up to 1,000 g/kg without altering the ingestive behavior or nitrogen balance of the animals.
